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We, E. 1. Do Font 1>b Nbmouhs Ata> 
Company, a corporation organized and exist- 
mg under the laws of the State of Ddawate, 
United States of America, of VTilmington, 
State of Delaware, United States of America, 
do herdjy declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

The present invenrion relates to novel fluoro- 
carbon vinyl ethers and polymers thereof. 

According to the present invention we pro- 
vide fluorocarbon vinyl ethers of the formula 

15 MSOaCT^CF.O[CFYCF,0]«CF- CTa, 

where R, is fluwine or a perfluoroalfcyl radical 
having from 1 to 10 carbtm atoms, Y is 
fluonne or the tcifluoiomediyl radical, n is 
1, 2 or 3, and JVl is fluorine^ a hydroxyl radi- 
cal, an amino radical or a radical havirig the 
formula — OMet where Met is an allc^ metal 
or a substituted or unsubstitmed ammonium 
radical. 

Tliese vinyi ethers are readily homopoiy- 
merized or copolymerizod with ethylene or 
halogenated ethylenes. Although these ediyienes 
are the prefened comonomers for the co- 
polymerization of the vinyl ethers of the pre- 
sent invention, it is to be miderstood that 
copolymerization of the vinyl «hers can be 
achieved with any ethylenically unsaturated 
comonomer capable of homopolymerization, 
usmg the polymerization techniques described 
hei^below. 

f 1 



Preferred copdymers derived from two 
monomers are those obtained from fluorocar- 
bon vinyl ethers according to the invention in 
whidx Rf is fluorine^ Y is a trifluorcmiethyl 
radical^ and n is 1, and tctrafluoroethylene. 

Additional fluormated monomers may also 
be copo^ymerized widi ediylenc or halogenated 
etfayloies and tiie fluorocarbon vinyl etfaeis of 
the present invention In particular, a per- 
fluoro(alkyl vinyl ether) or a perflnoio alpha- 
olefin is a preferred third monomer for co- 
polymerization. 

^ The polymers obtained by homopolymeriza- 
tion or copolymerization of the fluorocarbon 
vinyl ethers according to the invention contain 
structural imits of die formula 



CF[OCF.CFY I.OCFaCFRcSOaM 
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where Rf, Y, n and M have the above-stated 
meanings. 

The solid products produced by copolymer- 
ization using the vinyl ethers of die present 
invention may be plastic or dastomeric. If 
elastomeiic products arc desired, the fluoro- 
carbon vinyl ethers of the present invention 
can be polymerized in combmation witii two 
or more other monomers to {^oduce multi- 
component copolymers. 

In these polymers it is gpnexally preferred 
that at least one of the additional monomers 
be ediylene or a halogenated ethylene such as 
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vinylidene fluoride, tetrafluoroethylene, or 
chlorooifluorostbyleiis^ while the other addi- 
tional monomer is a peifluon)(aIkyi vinyl ether) 
of the type 

\rfierein n is 0 tx> 5, inclusive. 

The concentration of fluOTocarbon vinyl 
ethers of the present invention whidi contain 
sulfonic add groups or derivatives thereof is 



chosen in relation to the degree of cross-link- 
ability desired for the copolymer product. For 
economic reasons, 5 mole per cent, based on 
total monomer incorporated into the copolymer, 
is usually alU that is used to produce hi^ 
modulus vulcanized products, while 0.2 mole 
per cent is about the minimum which will 
produce a satisfaaory degree of crosslinking. 
For example, when copolymers are prepared 
from vinylidene fluoride, hexafluoropropylene 
and a p^uorovinyl etlKr of the structure 



CFff^CF— Ou-CF:r-CF(CFa)--0— CF2C3F:r--S02^^ 



good dastomers are obtained when the molar 
ratio of viityiidene fluoride to hexafluoropropy- 
lene lies within the range of 51:49 to 85: 15 
and the proportion of the fluorocarbon vinyl 
ether is present in the range of about 02 mole 
to 5 mole per cent of die total monomer imits 



present in the copolymer. 

In the preparation of elastomeric copolymers 
from tetrafluoroethylene, perfluoro(mcthyl 
vinyl ether) and a perfluorovinyl ether of tiie 
structure 



CF2 = CF— O— CF2— CF— (CF3 )— O— CFs— CFo— SO2F, 



a preferred range of molar ratios is 1.5 — ^2.0 
moles of tetrafluOToetiiylene per mole of per- 
fluoro(methyl vinyl ether) witii 03—4 mole 
per cent of the total composition of the std- 
fony] fluoride monomer. 



The vinyl ethers of the present invention in 
vdiich M is fluorine can be prepared by the 
pyrolysis of compounds having the following 
formulae 
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and 



FSOsCFRiCF.O [CFYCF=0],CF(CF3) COF 

[ 

FSO2CFR,CFsO[CFYCF2O]„CF(CF0 COOX, 



where R]> Y and n have the same meaning 
as above and X is an alkali metal. The py- 
rolysis is carried out at tempecatuies of 180^ 
to 600^C Li the case of the caibosylic add 
fluoride, silica or a metal o:dde such as zisc 
oxide is preferably employed as a solid catalyst 
for the gas phase reaction. The carbosylic acid 
fluoride employed in the pyrolysis is obtained 
by the reaction of hexafluoropropylene epoxide 
with a fluorosulfonyl fluoroacyl fluoride having 
tile foonula 

FSO2CFR1COF. 

The alkali metal salt of the carboxylic acid 
is formed from the corresponding add fluoride 
by reaction with an alkali metal salt of a weak 
add, such as carbonic add. The formation of 
the add fluoride and the alkali metal salt is 
further disclosed in a^>ending ^plication No. 
31,684/64 (Serial No. 1034196). 

The vinyl ethers in vMdi M is fluorine 
obtained by pyndysis as described above can 
be readily ccmveited into the corresponding 
compounds in vMdtx Mi3 & hydroxy] xadicol, 
an amino radical or a radical of tiie formula 
— Oi^iet The sulphonic add compounds, Le. 
those in which M is — ^OH, can be obtained 
1^ Itydrolysis with water, the sulphonic acid 
amide compounds, i.e. tiiose in which M is 
— KHsj can be obtained by treatment with an 



aqueous solution of ammonia, and the salts, i.e. 
die ccmpounds in which M is — OMet, can 
be obtained by salifying the sulphonic add 
compounds with an alkali metal compound or 
an ammonium or substituted ammonium com- 
pound as appropriate. All these reactions can 
be carried out under mild condition*,, usually 
room temperature, and no catalyst is re- 
quired. 

The vinyl etiiers of the present invention are 
preferably polymerised in a perfluorocarbon 
solvent using a perfluorinated free radical in- 
itiator. Since the vinyl ether? are liquid at re- 
action temperatures, it is further possible to 
polymerize and cc^olymerize the vinyl ethers 
in bulk without the use of a solvent. It is 
preferable to polymerize the vinyl ether in die 
form of the sulfonyl fluoride when using a 
perfluorocarbon system. Polymerization tem- 
peratures will vary from -50 to +200^C 
depending on the initiator used. Fressore is 
not critical and is generally employed to control 
the ratio of the gaseous comonomer to die 
fluorocarbon vinyl ether. Suitable fluorocarbon 
solvents are known in the art and are generally 
perfluoroalkanes or pcrfiuorocydoalkanes, snch 
as perfluoroheptane or perfluorodimetfaylcydo- 
bumne. Shnilarly, perfluorinated mitiatois are 
known in the art and indude perfluoropcr- 
oxides and nitrogen fluorides. 

In the form of the add or the acid salt 
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the fluorocarbon ethers of the presait invention 
can be polymerized in an aqueous medium 
usmg a free radical initiator, that is a peroxide 
or a redox initiator and this type of polymer- 
ization can also be used, if deshed, with the 
sulphonyl fluoride fluorocarbon ethers. The 
polymeiization methods employed correspond 
to diosc established in the art for the poly- 
merization of tctrafluoroethylene in aqueous 
media. 

In preparing copolymers using the fluorocar- 
bon vinyl ethers of the present inraition, it 
IS generally preferred to use aqueous media 
at a pH of 8 or lower and temperatures not 
above about llO^C. 

The polymeric fluorocarbon vuiyl ethers of 
the present invention are liquid or solid de- 
pending on dieir degree of polymerization. 
The sulfonyl group m the polymer is readily 
subjected to known reacdcms of sulfonyl groups 
and can thus be employed to f<Hm a variety of 
polymeric sulfonyl groiq) containing materials. 

Copolymers containing the fluorocarbon 
vinyl ethei>s of the present invention can be 
vulcanized using the — SOgF group or deriv- 
atives thereof, such as the — SO2OH or 
"TSOjNa groups, by heating in the presence 
Jfj^^^tal oxides such as PbO or mixtuitjs of 
PbO and AlgO, or by reacting with poly- 
ftjmtional reagents capable of reacting with 
sulfonyl fluorides, such as diamines. 

The polymeric vinyl ethers of the present 
invention which find utility as plastics can 
be molded or esanided into a variety of shapes. 
Of parucular utility are aqueous disperaons 
of the vinyl «dier polymer in which ihc 
vinyl ether contams an — SO,Na group. These 
dispersions have the appearance of an aqueous 
syrup and are homogenous and transparent and 
may even contain the polymer in solotinL The 
dispersions can be employed to coat metals and 
other surfaces and form coherent and contin- 



uous coatings without the icquirement of sin- 
tenng or melting the polymer. Such coatings 
are not redissdved or redispersed by prolonged 
contact with water. In this respect die poly- 
mers of the presait invention differ fitnn prior 
art fluorocarbon polymers all of which requLce 
smtering or melting to give rise to coherent 
coatings. 

The polymeric vinyl ethers of die pr^ent 
mventton which are useful as elastomers offer 
desirable combinations of prt^rties such as 
heat resistance chemical stability, and resist- 
ance to attack by many fluids which are' used 
mdustnaUy such as those contained in hydrauUc 
^stems, dry - cleaning solvents and aircr^ 
&els. 

The preparation of elastomeric products, 
such as seals, gaskets and grommets, using the 
polymeric vinyl ethers, foflows technology 
which is conventional for other fluoroelast^ 
mers, i.e., various fillers may be compounded 
into the polymers by millmg, foUowed by 
mouldmg under heat and pressure into varioie 
useful articles. 

^ The polymeric vmyl ediers oi the present 
mvamon arc furtiiermore highly useful as ion' 
exchange resins in tibat they contain sulforwl 
^^s. Tbus, the resins can undergo ezchan^ 



RSD,NA- 
RSOaCa- 



RSO,Na- 



£^XAMFLH I 

Into a rotary evaporaxfx was charged 200 g of 

FSO,CF=CF,OCF(CF,) CF,OCF(Ca',)C»sNa. 

85 gases from die reaction were condensed in a NM^sn^^Jf ;S 

cold trap. On distilhtion, diere wJTSaSed Xi'^^i^^/'^ 

Anal. Calc4. for QF,,0,S : Q 18.84; F, 59.62; S 718 
Found :C, 19.11; f; 59.13; 8, 7.11: 
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RSO3H by use of common reagents. The resins 75 
m tliett add form can also be used as add 
catalysts at elevated temperatures. 

The invention is further illustrated by the 
Following examples. 
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. Example n 

Into a rotary evaporator was charged 150 g of 
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FSO,CF.CF,0[C2'(CF,)CF»0],CF(CF,)CO,Na. 



The evaporator was heated to 200oC until 
no furdier gas evohirion was observed. The 
off-gases from the reaction were condensed 



in cold traps. On distillation of the reaction 
product there was obtained 35 g of IQO 
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FSO^CFaCaFaO [CF(CF3)CFsO]2CF= CF«, 

having a boiling point at 159^C. Infrared 
and NMR spectra ms consistent with the 
indicated stnictiize. 

5 Example ni 

The fiuorosulfonyl flnoroacyl fluoride, hav- 
mg the fbnnula 

FSO,GF8CFaOCF(aF,)CF20CF(CF5)COF, 

was passed through a one inch stainless steel 
10 column packed with 1/4 inch pellets of ZnO 
and heated to a temperature of 285°C The 
fluorosulfonyl fluoroacyl fluoride, 85 g, was 
vaporized by dripping on a fladi evaporator 
in a nitrogen stream of 400 ml/min. The nitro- 
15 gen stream was then passed throu^ the column 
and multiple cold trs^s in which the reaction 
product was collected. Upon separation, there 
was obtamed 60 g of the perfluoro [2 - (2 - 
fluoiosulfoayledxoxy)propyl vinyl etha^J. 

20 Example IV 

The procedure of Example III is repeated 
a spherical glass beads (200 to 325 
mash) at a temperature of 325°C instead of 



ZnO and a temperature of 285°C Yields of 
the perfluorovinyl ether of up to 80% are 25 
obtained. 

EtAMPLE V 
Perfluoro [2 - ^2 - fluorosulfonylethoxy) - 
vinyl ether] was dissolved in an alkaline ace- 
tone water mixture which resulted in the for- 30 
madon of the corresponding sodium salt. The 
isolated salt was treated widi a concentrated 
solution of HCl to form the conespcmdiog 
sulfonic acid 

SO JICFuCF,0CF(CF3)CF,0CF = CF.. 35 

Reaction of the sulfonic acid ether with 
aqueous sodium hydroxide or triethylamine 
resulted in the formation of the corresponding 
pure sodium salt or trietfayl ammonium salt. 

Example VI 40 
About 05 g of perfluoro [2 - (2 - fluoro- 
sulfonylethoxy) propyl vinyl ether] is placed 
in a quartz iiibc which is then evacuated and 
sealed. After 24 hours irradiation with a 
mercury arc lamp, a dear viscous homo- 45 
polymer is obtained. 



Example VII 

Using the procedure of Example VI, the vinyl etlier having the formula 
FSOaCFsCFa-E-O— CFCCF3)CFJ20CF = CF^ 



50 is pdymerized to a dear viscous homopdymer. 

Example Vin 
Into an evacuated 320 mi stainless sted 
shaker tube were charged 40 g of the vinyl 
ether, 

55 FSO2CFzCF20CF(CF3)CF20CF= CFs, 

40 g of tetrafluoroethyiene and 200 ml of per- 
fluorodimethylcydobutane. While cold, a 30 
ml jumper line was pressured to 20 psig with 
2.4 volume per cent difluorodiazine in nitro- 

60 gen. This catalyst was pressured 
into the shaker tube with SOO 
p.s.L of nitrogen. The mixture was 
shaken and the temperature raised slowly to 
80°C and mauxtained there for one hour. On 

65 cooling and discharging, 28 g of 9 weight per 
cent vinyl ether copdymer having mdt vis- 
cosity above 1 x 10* poises was obtained. 
The polymer could be compression molded 
into dear tough fihn. 

70 I^amfleIX 

Into an evacuated 320 ml stainless sted 
shaker tube were chaiged 30 g of ptnrified 
vinyl ether having the formula 

NaS03CF5CF20CF(CF3)CF20CF= CFo, 
75 200 ml of deoxygenated, distilled water, about 



30 g of tetrafluoroethyiene and 1.0 g of 
ammonium persulfate. The reaction mixture 
was heated under autogenous pressure to 68 — 
70°C for 2 hours. On discharging 48 g of 
gelatinous copolymer was obtained which after 80 
drying could be made into Alms of good stiff- 
ness and comained 14 weight per cent of the 
vinyl ether. 

Example X 

Into an 85 mi stainless sted shaker tube 85 
were charged 60 ml of deoxygenaied distilled 
water, 0.3 g of dry ammonium persulfate, 2.5 
g of a vinyl ether having the formula 

NaS03CF,CF::0CF(CF,)(a^0CF=CF,. 

and 6 to 10 g of tetrafluoroethyiene. The 90 
mixture was agitated at 68^C for 3 hours 
tmder autogenous pressure and a dear aqueous 
copolymer dispersion was discharged. 

The procedure is readily employed with 
other ethylenes, such as chlorotrifluoroethylene, 95 
vinylidene fluoride, vinyl fluoride, vinyl 
chloride, vinylidene chloride and ethylene to 
give rise to aqueous dispersions of copdymers 
of these ethylenes with 

NaSO3CFaCF2OCT(CF0CF3OCT= CFj. 100 
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EmtPisXI 
To 100 ml of a 50 vveight per cent aqueous 
NaOH solution and lOO ml of methanol is 
added <':0 g of a copolymer of tetrafluoro- 
5 ethylene and 

FS02CF,CFoOCF{CFOCF20CF = CF., 

containing 5 wei^t per cent of the vinyl 
ether. The reaction mixture was lefluxed for 
4 hours. ITie copolymer was then washed witii 
10 water to remove excess base. Infrared analysis 
indicated complete neutralization of the 
--SO2F groups to — SOflNa groups. The le- 
suiting resin could be molded into tough dear 
films 

15 Example Xli 

Using the procedure of Example XI, a 
2—4 mil film of a copolymer tetrafluoio- 
ethylene and 

FSO2CF2CF20CF(CFa)CF2OCF= 

20 was placed in refltndxig NaOH-medianQl. The 
resultant film was dear and contained 
— SOaNa groups as indicated by infrared 
analysis. 

Example Xni 

25 The coagulated tstrafluoroediylene cop(dy- 
mcr of Example X was washed with one liter 
of 10 per cent HQ in portions. The resultant 
resin was then washed with water to remove 
excess add. Infrared analysis indicated essen- 

30 aally complete conversion of the — SOgNa 
groups to — SO3H groups. 

Example XIV 
Into a platinum lined shaker tube were 
charged 2 g of an eigjit weeik per cent copoly- 
35 mer of a vinyl ether having iht formula 

FSOaCFsCFsOCFCCFOCFaOCF^ CaFs 

with tctrafluoroethylenc and 10 g of NH,. 
The reaction mixture was agitated for 4 hours 
under autogenous pressure at a temperature of 
40 100°C. Mrared analysis of the resultant co- 
polymer indicated essentially complete forma- 
tion of — SOaNHs groups from the — SO-F 
groups. 

Example XV 
45 Into a Carius mbe were charged 0.75 g 
of a vinyl edier having the foimula 

FS02CFsCFa(OCT{aFaCFO,OCT= CFs 

and 20 ml of perfluorodimethylcydobiitane. 
The mixture was frozen, the tube evacuated 
50 and 2 g of t^raflnoroethylene eddcd. About 
30 cc, at atmospheric pressure, of 2.4% NjFa 
in Ns, was injected and polymerization was 
carried out at room temperature in the sealed 



tube for a period of 24 hours. A cc^olymer of 
the vinyl edier and tetrafluoroethylene was 55 
obtamed. 

Example XVI 
To 400 ml of water was added 7 g of a 
copolymer of tetrafluoroediylene and peiSuoro- 
[2 - (2 - flaorosulfonyledioxy) propyl vinyl 60 
ether] and 6 g of triethylamine. The reaction 
mixture was refluxed for 96 hours. The 
— SOgF groups of the copolymer were sub- 
stantially CMnpletdy converted to — SOgNHet^ 
groups. 65 

Example XVII 

Into a horizontal autodave of 2 gallon 
capadty is diarged 1 liter of deoxygenated 
distilled water, 5 g of ammonium perfluoro- 
caprylate, and 239 g of perfluoro[2 - (fluoro- 70 
sulfonylcthoxy)prop5d vinyl ether]. The free 
space of the autoclave is evacuated and filled 
with gaseous tetrafluoroethylene. The mixture 
is stirred with horizontal paddles at 105 RPM 
and heated to 85^0. The tetrafluoroethylene 75 
pressure is adjusted to 50 psig. A sohition of 
I g of ammonium persulfate in 500 ml of water 
is pumped into the reactor followed by 250 
ml of water to purge the pump and injection 
line. Tetrafluoroeti^ene is supplied to main- 80 
tain the pressure at 50 psig during the poly- 
merization period. Aha 71 minutes of poly- 
merization iht mixture is cooled and removed 
from the reactor. Two liquid phases are ob- 
tained, the upper phase being an aqueous dis- 85 
persion of copolymer and the lower phase being 
an aqueous dispersion of copolymer and the 
lower phase being the unreacted perfiuoroether. 

The upper layer is separated and coagulated 
by high speed stirring to give 294 g of copoly- 90 
mer containing 17 weight per cent perfluoro- 
[2 - (2 - fluorosulfonylethcHcy)propyl vinyl 
ether]. 

EXAliPLE XVIII 

A 400 ml Hastclloy C (trade mark) shaker 95 
tube mia flushed wim nitrogen and charged 
successively with a solution of 0.20 g of am- 
monium peifluorooctanoate (Fluorodiemical 
FC — 126, Minnesota Mining & JVifg. Co.) in 
250 ml of deoxygenated distilled water; 1.00 100 
g of potassium persulfate; and 2,4 g of per- 
fluoro [2 - (2 . fluorosulfonylethoxy) - propyl 
vin^ ether] . The tube was immediately dosed, 
chilled to ~ 78°C, evacuated, and then charged 
suocessivdy with 14.5 g of perfluoro(metfayl 105 
vin^ ether) and 6.5 g of tetrafluoroethylene. 
The tube was shaken at 60°C for 4 houre. 

After cooling the tube and venting the un- 
reacted gaseous monomers, the tube was opened 
and a liquid latex-like product was discharged. 110 
This was washed twice with approximately 50 
ml for each washing of 1,1,2 - tricfalMoper- 
fluomethane to remove unreacted, non-volatile 
fluorosulfonyl mraomer and then coagulated by 
freezing. The polymeric produa was separated 115 
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inim the aqueous phase by filtration and mac- 
erated in a high-speed mixer with water to 
remove electrolytes. The resulting wet polymer 
was vacuum - dried for 80 hours at 25°C 
5 under a pressure of 0.1 mm mercury. The 
weight of the dried terpolymer of pcrfluoro- 
methyl vinyl ether, tecrafluorosthylene and psr.> 
fluoro[2 - (2 - fluorosulfonylethoxy) - propyl 
vinyl ether] was 8.3 grams. 

10 The in&ared absorption spectrum of a thm 
film of tiie polymeric produa was measured. 
An absorption band at 11.27^ indicated the 
presence of the — OCF, groiq» and absoipdon 
bands at 6.80u and 10.15u imlicated the pie- 

15 seacs the ---S02F groi^. Absoiption bands 
attributed to fluorine attaaied to carbon were 
also piesent 

One hunted parts by wei^ of the ter- 
polymer were mised with 20 parts by weight 

20 of titharge on a two-roll rubber miD. The mix 
was removed from the mill and shaped and 
. cored in the form of a film approximately 1 
mm thick by pressing it at 125°C for 30 
minutes between the heated platens of a hy- 

25 diaulic press. The cured film exhibited an 
elongation at break of 150 p2r cent and a 
permanent set at break of about 5 per cent. 
It was insoluble in perfluorodimethylcyclo- 
hexane whereas the uncurcd terpolymer was 

30 sohible. 

EmiPLE XIX 
A 400 ml Hastelloy shaker bomb is swept 
with nitrogen and charged with 200 ml of 
deoi^genated distilled water, 3.0 s (11.0 

35 nunoks) of disodimn phosphate heptahyorate^ 
0.25 g (2.4 mmoles) of sodiumi bisulfite, 0.15 
g (0.3 mmole) of ammonium perfluorooctano- 
ate, and 5.0 g (11.0 mmoles) of perfiuoro[2 - 
(2-vinyloxy-l-methylcthoxy)-cthanc sulfonyl] 

40 fluoride. The bomb is dosed, cookd to 
- 80*^C, and purged of oxygen by evacuating 
to one millimeter pressure of mercury. With 
the interior under reduced pressure^ 18,1 g 
(0.12 mole) of hexafluoropropene and 28.0 g 

45 of vinylidene fluoride (0.44 mole) are intro- 
duced. The bomb is shaken and the tempera- 
ture inside the reaction chamber is increased 
to 60^C and held there for two hours. The 
bomb is then cocked to room temperature, and 

50 excess gaseous rcactants vented to the atmos- 
phere. The partially coagulated product is re- 
moved and coagulation is completed by free- 
zing. The polymer is isolated by filtration, 
waScd thoropgfaly with water, and dried 

55 ovemi^t at 70^C in a vacuum oven. The dry, 
white polymer weired 37.6 g. Analyds for 
carbon, hydrogen, fluorine and sulfur showed 
that die product ooatains 32.7 per cent C; 2.2 
per cent H; 635 per cent F and 0.23 per 

60 cent S. 

The product is compounded on a two-roll 
rubber mill to contain the following: 



Parts by Weight 
Terpolymer 100 
Carbon Black, Medium Thermal 20 
MgO 12 
FbO 3 
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This compounded stock is vulcanized by 
pressing sheets in a mold for 30 minutes at 
ISOPC followed by removing the sheets and 70 
healing them in an air oven for 24 hours 
at 204^C 

The following physical properties were meas. 
ured at 2l.V>Q: 

Tensile strength, psi 1625 75 

Elongation at break, per cent 340 
Stress at 200 per cent dongarion, psi 1175 

Example XX 

A 400 ml Hastelloy shaker bomb is swept 
with nitrogen and charged with 200 ml of 80 
deoxygenated distilled water, 3.0 g (11 mmoles) 
of disodium phosphate heptahydratc, 0.55 g 
(2.4 mmoles) of ammonium persulfate, 0.15 g 
(03 mmole) of ammonium pcrfluorooctanoate, 
0.25 g (2.4 mmoles) of sodium bisulfite, and 85 
2.5 g (6.0 mmoles) of pcrfluoro[2 - (2 - viny- 
loxy - 1 - methylethoxy) - ethane sulfonyl J 
fluoride. The bomb is closed, cooled to 
- SO^Cj and purged of oxygen by evacuating 
to one millimeter pressure of mercury. With 90 
the interior under reduced pressure 17.3 g 
(0.115 mole) of hexafluoropropene and 27.5 g 
(0.43 mole) of vinylidene fluoride are intro- 
duced. The bomb is shaken and the tempera- 
ture inside the reaction chamber is increased 95 
to 60°C and held there for two houn. The 
bomb is then cooled to room temperature, and 
excess gaseous rcactants vented to the atmos- 
phere. Tlie pardally coagulated produa is 
removed. Coagulation is completed by freezing. lOG 
The poijiner is isolated by filtration, washed 
thoroughly wkh water, and dried ovemi^ 
at 70°C in a vacuum oven. The dry white 
polymer weighted 31.2 g. Analysis for carbon, 
hydrogen, fluorine and sulfur showed that the 105 
product contains 33.1 per cent C; 2.1 per 
cent H; 63.4 per cent F and 0.8 per cent S. 

The polymer is compounded on a two-roll 
rubber mill at 25^C to contain the following: 

Parts by Weight 110 
Terpolymer 100 
Carbon BlaciL Medium Thermal 20 
itfgO 15 
Hexamethylene diaminecaxbamate 0.25 

A portion of this compounded stock is 115 
pressed in a mold for 30 minutes at 100°C 
to form a sheet The resulting vulcanizate has 
a tensile strength at the break of 1275 psi and 
an elongation at the break of 160 per cem. 

Another porrion of this compound stodc is 120 
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pressed in a mold for 30 minutes at 100°C 
to fonn a sheet The sheet is removed from the 
mold, and is then heated in an oven to 204®C 
over a four hour interval and held to that tem- 
5 perature for 24 hours. The resulting vialcan- 
izate has the following physical prc^ierties 
measured at 21.1°C: 

Tensile at break, psi. 2350 
Elongation at break, per cent 300 
10 Stress at 200 per cent elongation, psi 1725 

Example XXI 
A 400 ml stamless sted shaker tube is swq>t 
with nitro^ and charged with 100 ml of 
deaerated distilled water, 0.3 gm of ammonium 

15 peifluorooctanoate, 0.95 gm of potassium per- 
sulfate, 2.5 gm of disodium hydrogen phos- 
phate heptahydrate, 0.2 gm of sodhmi sulfite, 
and 3.03 gm (.0068 mok) of peifluoro[2-(2- 
vinyloxy - 1 . metfaylethojty) ethane sulfon^]- 

20 fluoride. The tube is dosed, cooled in Dry 
Ice/acetone and evacuated to one millimeter 
of mercury pressure. To the evacuated tube 
is then introduced 34.2 gm (.206 mole) of per- 
fluoro(methyl vinyl ether), followed by 12.7 

25 gm (.127 mole) of tetrafluoroethylene. The 
shaker tube is heated and agitated for 8 hours 
at 50°C. The latex formed by the reaction is 
coagulated by fr^ng in a Dry Ice/acetone 
bath. After wanning to room temperature, the 

30 solid polymer is separated by filtration and 
washed thoroughly with water ta lemove soap 



65 



70 



Example XXm 

75 A* A polymer containing the three monomers 
of Example XXI is prepared, wherein the con- 
centration of peifiuoro(methyl vinyl ether) is 
about 36 mole per cent, and the ooncentiaticMi 
of peifluoro[2 - (2 vmylozy , 1 - methj^- 

80 ethoxy)ethane sulfonyl] fluoride is about 0^1 
mole per cent After heating the polymer at 
288°C for 327 hours there is a weight loss of 
3.4 per cent 

B, On a 2-roll rubber mill 100 parts of the 
85 polymer from A is compounded with 20 parts 
of magnesinm oxide. Test specimens are pre- 
pared by vulcanizing the cconposlticm for 30 



and inorganic salts. The pdymer is dried in a 
hood at room temperature for 2 days, followed 
by a few minutes milling on a 2-roll rubber 
mill at lOO^C to remove any remaining vrater. 35 
The inherent viscosity of a 0,1 per cent solu- 
tion of the polymer in 2,3 - dichloropeifluoio- 
butane at 30°C is 1.15 vwth 80 per cent of 
the polymer being soluble. Infrared spectra 
analyses on pressed films of 1 — 2 mil thickness 40 
show that the polymer contains about 37 mc^ 
per cent of porfluoro(methyl vmyl ether) and 
about 0.8 mole per cKit of pacfluoro[2 - (2 - 
vinyloixy - 1 - metliylethoxy)cthane sulfonyl]- 
fluoride. After heating the polymer in an oven 45 
at 288°C there is a wei^ loss of 2.1 per 
cent after 100 hours and 8.7 per cent aner 
585 hours. 

Example XXn 
One hundred parts of a copolymer pre- 50 
pared according to die method of Example 
XXI Is compounded on a 2-rQD rubber mfll 
with 20 parts of litharge and 20 parts of 
medium thermal carbon black. The compositicHi 
is sheeted off the "lill and vulcanized mtft 55 
various test spedmens by heating for 30 min- 
utes at 175°C under pressure in a mold (re- 
moving the formed parts from the mold and 
then heating them at atmospheric pressure, by 
gradually raisbg the temperature to 204<^C 60 
over a 12 hour period, followed by treatment 
at 204°C for 24 hours more. Hie following 
physical properties are obtained: 
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minutes at 175°C under pressure in a mold, 
removing the fonned parts from the mold and 
then heating them at atmosj^ieric pressure by 90 
gradually raising the temperature to 204**C 
over a 12 hour period, followed by treatment 
at 204**C for 24 hours more. 

C. The procedure of B is followed, except 
magnesium oxide is rq^ced by calchim oxide. 95 

D. The procedure of B is foUowed except 
magnesium oxide is xeplaced by Utharge, and 
20 parts of mediiun thermal <arbon black is 
added. 

The above elastomer oomposittons have the 100 
following physical properdes: 



Tensile strengtfi— psi at 25°C 
Per cent elongation at break at 25^0 
Per cent permanent set at 25*^ 
ASTM: D676-59T hardness (Duro A) at 25°C 
ASTM: D675-59T hardness (Duro A) at 100°C 
ASTM: D945-59 resiHence at 25°C 
ASTM: D945-59 resilience at 100°C 
ASTM: D395-61 compression set at 121<'C 
Temperature where torsional stifeiess is 
10,000 pounds per square inch 
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Tensile strength at 25^ C. — psL 


2600 


2540 


1910 


Per cent elongation at bieah at 25^ C. 


240 


240 


290 


Per cent permanent set at break 


10 


35 


7 


Per cent weight loss at 283'' C after 20 hours 


0.7 


1.0 




Per cent weight loss at 288'' C after 89 hours 


1.3 


1.9 





Example XXIV 
On a 2^roll rubber mill 100 parts of the 
polymer of Example XXm **A" is com- 
5 poimded with 10 pans of ''Mag^e*' Y mag- 
nesiam oodde and 1 part of etbyknediamine- 
cazbamate; Test sheels are prepared by vulcan- 
izing the compositi on accoidmg to the pro- 
cedure of Ejrample XXUI '"F. The following 
10 physical properties are obtained: 

Tensile strength— psi at 25°C 3360 
Tensile strength-^si at lOO^C 740 
Pter cent elongation at break at 25^C. 240 
Per cent elongation at break at 100°C 180 
15 Per cent permanent set as break at 25°C. 7 
Per cent permanent set at break at lOO^C 4 
Temperature when torsional sti&ess 
is lOjOOO pounds per square indi -1°C 

Example XXV 

20 A. A polymer containing the three monomers 
of Example XXI is prepared wherein the con- 
centration of perfluorD(methyl vinyl ether) is 
about 38 mole per cent and die concentradon 
of perfluoro[2 - (2 - vinyloxy - 1 - methyi- 

25 ethojgr) ethane sulfonyl] fluoride is about 038 
mole per cent. After heating for 186 hours at 
288^Q the weight loss is 2.2 per cent. 
B. On a 2-roil rubber mill, 100 pans of the 
polymer from A is compounded with 10 parts 

30 of **MagiifB" Y magnesium oxide; 20 parts 
of medium thermal carbon black and 1 part 
of ethylenediaminecarbamate. Test sheets are 
prepared by vulcanizing the composidon ac- 
coiding to the procedure of Ejcample XXIII 

35 ^'B". The following physical properties are 
obtained: 

Tmsilc strength— psi at 25** 2640 
Tensile strengdi— psi at lOO^C 1000 
Pbrcoitdongadonatbzeakat25^C 140 
40 Per cent ebngation at break at lOO^C 80 
Per cent permanent set at break at 25°C 1 
Pier cent permanent set at break at 100°C 1 
Temperature where torsional sd^^ss is 

10^000 pounds per square inch -3°C 



Acetone 2 

Ethyl acetate 1 

Toluene 1 

Methylene chloride 1 

Chloroform 1 

Pyridme 0 

Dimediyl fotmamide 1 

Teirah]w>furan 1 

70 per cent nitric acid 8 
"Freon" (trade mark) F-113 36 



45 Per cent wei^ increase after 7 da^ im- 
mersion at 23S°C in: 



While in the foregoing examples we have 
only exemplified the preparation of certain of 
the novel fluorocarbon ethers and polymers 
thereof according to the invendon, it will be 
apparent to those skilled in the an diat fluoro- 
carbon ethers of the above-mentioned f ormula, 
that is 

MS02CFR,CF20[CFYCF20]uCF= CF, 

where Kj is a perfiuoroalkyl radical containing 
from 1 to 10 carbon atoms, those of the said 
formula where Y is fluorine, those of the 
said formula where n is 3, and those of the 
said formula where two or moie of Rr> Y and 
n have die said meanmgs, and comparable to 
those exemplified by appropriate choice of 
stardi^g materials. 

WHAT WE CLAIIVI IS: — 

1. A fluorocarbon ether having the general 

formula 

MSOaCFRfCF^O [CFYCF20]XF= CF- 

where Rf is fluorine or a perfiuoroalkyl radical 
having from 1 to 10 carbon atoms, Y is 
fluorine or a trifluoromethyl radical, n is 1, 2 
or 3, and M is fluorine, a hydroxyl radical, 
an amino radical or a radical having the 
formula — 02Wet where Met is an alkali metal 
or a subsdtuted or unsubsdtuted ammom'um 
radical. 

2. The fluorocarbon ether of the formula 
FS0aCysCF:0CF{CFa)CF20CF* CFa. 
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3. The fluoiocarbon ether of tbc fomuila FSO,CF,CF20[CF(CF,)CF80]2CF=CFs. 

NaS0,CF^,0CF{CF,3CF.0CF=CF. 9. A copolymer of a fluorocarbon vinyl 
A h J r - a . ^ claimed in Claim 1, etbvlene or "a 3ft 

FS0,CFR^.0[CFyCF,O].CF(CF,>-A, CF, = CF-0-(CFO.CF, 

whoB R,, Y and n have the meanings spedfied where n is 0 to 5 ac 

10 h«f™n ' ,f r ^ ^ r^"* " -COOX. X 10. A oopolymi aecorfing to Qaim 9, 

fi^ iMo*^.^^^ " ^ ttnq«wtaK of wherein R. k fluorine. * ' 

5 A J?l.^- , . copdymcr of the vmyl etber of the 

3. Aptdymencmateualcoiitauungthestnic. formula 7 « mc 

ture 

tF[OCF.CFYKOCF,CFK^OJ« MSO^,CF,0CF(CF.)CF,0CF=CF,. 40 

J_ where M has the rnt^rnn^ stated in Claim 1 

J = and tetrafluoioethylene. 

f ^ula^ <»PoJy™er of the vinj^ ether of the 

15 where Rf is fluorine or a peifluoroalkyl radical 

flnli5i^''Ti ^^1^^.^°°^ ^<P^s Y is FSOaCF,CF20CF(CF0CFsOCF=CF. 45 
fluorme, a hydroxyl radical, an amino radical ' * 

or a radical of the fonnula — OMet where Met and tetiafluoroethylene 

IS an /ilkah meal or a substituted or un- 13. A copolymer <rf a ymvi ether of ^ 

20 substituted ammonium radical fonnula ^'^^ ^ * ™ 

6. The homopolymer of a fluorocaibon vinyl 

'"^^^^^J-the vinyl ether of *^««S^««'^CP^OCF<CF»)CF,0CF=CF., 

the fonnula ^e^^ ^^j. ^ ^ alkali metal or a substituted 50 

25 FSO,CF.CF,OCF(CFJCF.OCF=CF. fluo"SJ^' """^ ndical, and tetra- 

^^^^^opdymer of the «nyl ether of wl^^h^rSt^r*^ 

^d^f^^J^S^^H:^?^^-'^'^ A copolymer according to claim 10, 

^^^^"^"^ '^'^ 'h^ein the vinyl ether is ^ «, 

CF. = CF-0-CF,-<2?(CF. )-0-CF,-C3F^r-SOJi', 
the halogenated etfajtoie is tettafluoroethyfcn^ 

Syl edi5^ monomer is a petflium)(al)7l FS0,CFR,CF2O[CaTCF,O].CF=CF2, 

/^^^iiK"^ ^' and n have the meanings specified 

flu^X,«L^^ "'W'"^'*"^^P^ iadaiml, which comprises po^^z^ said 75 

fluore(mtthylw^eaer). '"Aijaelher'inapcifluoAiatedli^rSttS 

HiiL,^ ^i??^ division in which the the presence of a perflStK»^S 

djqjeised parades are formed of a polymer as initiator f«««««™ow nee laaicai 

70 '^"^yofdaimsSloW. 19. A method of preparing a polymer of a 

vitJ?-,4^S'i°JS™**^'** vinyl ether of the fiST' '"'^ ' ao 

MeOS0»CFKiCTjO[C F(CF,)CF,0]„CF=CF„ 

te^L'T'iMri!^^*^'"'^'?^ said vmyiedier man aqueous medmm in the 
fled m dann 1, whidi con^mses pt^meikng presence of a fa»radi«dimtiaa«r. 85 
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20. A jnediod of preparing a polymer of a 
vinyl edier of die fonnula 

FSa2CFR|CFeO[C2fYSFsO]ttCF= CFrs, 

v^am Rf^ T and n have die meanings ^cified 
in daim 1 which comprises polymerizing^ said 
vinyl ether in contact with an aqueous Uqvld 
phase and in the presence of a &ee ladical 
initiator. 

21. A process for the preparation of a 
fluoxocazfoon ether according to daim 1 sub- 



stantially as hemn described in any of Ex- 
amples I to V. 

22. A process for the preparation of a poly- 
mer accoxding to daim 5 substantially as herein 
described in any of Examples VI to XXV. 

A. A. THORNTTON & CO., 
Chartered Patent Agents, 
Northumberiand Housc^ 
303—306 High Holbom, London, W.Cl. 
Fot the Applicants. 
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